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Abstract 
Objectives: To develop, implement, and validate a physician and departmental performance metric feedback process based on 
secondary use of patient visit data using the level of electronic health record implementation available in most Canadian pediatric 
emergency departments (PEDs).   Methods: Patient visit data for the IWK Health Centre PED in Halifax, Canada were used to 
create individual physician and departmental performance metrics including :  physician dwell time, 24 and 72 hour return-rates, 
admission rates, sign-over rates.  Visit acuity was measured using the Canadian Triage and Acuity Scale (CTAS).   Feedback 
directly to physicians was contextual, anonymous, non-proscriptive and non-threatening.  Relationships between various 
performance metrics were analyzed to explore the rational trade-off hypothesis.  This data acquisition and analysis has become an 
annual part of the departmental review process.  Results:  Wide practice variation was found.  Exposure to personal performance 
feedback was associated with positive change in physician behaviour.  Analysis failed to find a rational trade-off between increased 
resource utilization and holistically better care.  Physician buy in was excellent.  Conclusions: At this preliminary stage, 
surveillance of physician and departmental metrics derived from secondary use of patient visit data shows promise in improving 
care, dissecting clinical decision making, and (possibly) directing professional development processes.  Secondary data analysis, 
even in small centres and in the absence of sophisticated electronic health records management, can provide clinically and 
administratively useful data.  Further studies, at a multi-centred scale, are planned. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Program Chairs. 
 
 
* Corresponding author. Tel.: +1-902-470-8823; fax: +1-902-470-8859. 
E-mail address: brett.taylor@dal.ca 
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Program Chairs
191 B.W. Taylor and S. MacPhee /  Procedia Computer Science  63 ( 2015 )  190 – 197 
Keywords: secondary data use; physician performance metrics; pediatric emergency care 
1. Introduction 
Data warehousing and secondary use of patient visit information is a natural consequence of the expanded use of 
electronic health records.  While considerable effort has been spent investigating technical data issues, processing 
techniques and appropriate data networking, relatively little is written about obtaining clinically or administratively 
relevant output, particularly in the acute care setting. Further, most publications on the secondary use are written from 
the perspective of a fully implemented electronic health record (EHR) environment, whereas Canadian pediatric 
emergency departments (PEDs) continue to rely largely on paper-based records enmeshed within an electronic 
admissions/discharges/transfers (ADT) support system.  We describe a methodology that works with the level of EHR 
implementation available in Canadian PEDs, one that has been developed at a single centre and is now being scaled 
for multi-centre implementation.  We have demonstrated the feasibility of using data collected for national surveillance 
purposes to provide clinically and administratively relevant output. 
 
1.1 Background 
 
While it is relatively easy to find references discussing fundamentals for secondary patient visit data use1,2,3,4,5, 
evidence of useful output that might change clinician or administrator behaviour, particularly in emergency care, is 
not common.  Systems which share the patient’s extended health data have been investigated, and modest, though 
somewhat confounded, improvements have been found6,7.  Potential financial benefits have been published8.  
However, we did not find much research on secondary use that was directly associated with change in physician or 
administrator behaviour in emergency care.   Similarly, no literature was found advocating further research into which 
content, analyses or visualizations are most desired by emergency clinicians or clinical administrators.  It seems clear 
that sometimes information provided is not seen by clinicians as helpful, and may in fact add noise rather than clinically 
or administratively valid signal.   
 
Previous research has shown great diversity in the performance of physicians working in the same PED, even when 
approaching similar patient populations9.  This diversity offers a quality assurance opportunity, with more efficient 
physician performance offering a target for others.  A method that allowed feedback of this information resulting in 
improved key performance metrics might be seen as clinically and administratively valid.  
 
One barrier to the improvement of key performance metrics is the concept of a rational trade-off, the notion that a 
tendency to increased resource utilization in the PED is a marker for better care, rather than an indication of avoidable 
waste. For example, a clinician who spends significantly more time than his peers with each patient (a higher “dwell” 
time) might argue that by doing so the risk of admission or unscheduled return by the patient to the emergency 
department is reduced.  Exhorting this clinician to reduce his dwell time might therefore be seen as unethical, both by 
the clinician and the administrator involved.  Similar arguments can be made regarding the relationship between return 
rates and admissions. 
 
We were unable to locate published literature about the extent of EHR adoption in Canadian PEDs.  However 
administrative reviews conducted from our institution (Taylor BW , unpublished data, 2014) suggest that paper 
charting for physicians and nurses is essentially universal in Canadian PEDs.  Data collation for secondary use is 
consequently hampered.  Fortunately, most centres, including ours, report data to the Canadian Institute for Health 
Information (CIHI) for the National Ambulatory Care Reporting System (NACRS) 10.  In our institution, data for this 
purpose is manually abstracted from paper PED charts by trained data abstractors, and an archive of this data is 
available for local research and administrative audits. 
 
In this publication, we present the implementation of a small scale, single centre secondary data use project based on 
NACRS data.  Our methodology supports plans to scale our trial into a multi-centred, perhaps even national product. 
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We began this process with the following hypotheses: 
x that this secondary data project was feasible despite the relatively underdeveloped electronic health record 
environment that exists in our centre, 
x that appropriately presented feedback from this project had the potential to change physician behaviour, 
x and that the knowledge derived would be valuable to both physicians and physician administrators. 
 
 
2. Methodology 
 
2.1 Ethics  
 
Consultation with the ethics board of the IWK Health Centre resulted in a formal consent process prior to publishing 
this quality assurance project.  All physicians approached gave consent for their data to be included in this analysis.  
Raw data was de-identified, stored behind appropriate password protection and encryption, and available only to the 
principle investigator (Taylor). 
 
2.2 Source Data 
 
De-identified patient visit (NACRS) data from the IWK Decision Support Unit for the period from April 1, 2008 to 
July 31, 2013 was obtained, cleaned, and processed to provide performance metrics for each physician in the 
emergency department.  Data fields obtained and corresponding metrics generated are found in Tables 1 and 2.   Data 
manipulation and cleaning was performed using an Excel 2010 worksheet (Microsoft, Redmond, Washington 
http://www.microsoft.com).  After cleaning, data from 149,604 patient visits were transferred to a database generated 
with Access 2010 (Microsoft, Redmond, Washington http://www.microsoft.com).   In the fall of 2014, data reflecting 
interim patient visits since July 2013 was cleaned and processed, resulting in new data for 25,067 visits.  This data 
acquisition continues annually. 
 
Table 1.       Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3 Data Exclusions 
 
All Canadian Triage and Acuity Scale level 1 (CTAS 1) visits (the highest level of acuity, children admitted directly 
from triage to our resuscitation suite) were excluded from analysis because the accuracy of time recording on our 
(paper) record system could not be assured.  Those visits directed primarily to our in-department mental health team 
Physician performance metrics generated 
Physician dwell time (evening shift data) 
Admission rate (all shifts) 
Sign-over rate (all shifts) 
24 and 72 hour return rate (all shifts) 
 
Fields obtained for secondary use 
Patient ID (de-identified) 
Visit ID (de-identified) 
Registration Date/Time 
First Doctor Date/Time 
Disposition Date/Time 
Triage Score (CTAS) 
Disposition (Admitted / Discharged / Died) 
Gender, Age 
Primary Emergency Physician 
Secondary Emergency Physician 
Diagnoses (Primary plus 2 others) 
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were also excluded from analysis, as the involvement of the emergency physician in these cases generally occurs well 
after a specialized psychosocial team assesses and makes strong recommendations for patient disposition. 
 
2.4 Performance Metric Descriptions 
 
The following metrics were created for each clinician: 
x Dwell time:  Dwell time is the time between first physician contact disposition decision (admission / discharge) 
is made (note we differentiate between time of disposition decision and the time of admission, i.e. actually leaving 
the emergency department).  Like many PEDs, our busiest patient flow periods are afternoon and evening.  
Because high patient flows may affect physician speed, we only used data on visits occurring between 15:00 and 
midnight in calculating dwell times, so as to assure a reasonably similar practice milieu.   
x Admission rate:  The admission rate is defined as a percentage of total visits resulting in admissions to inpatient 
care.  Prolonged stays in the PED were not considered admissions (we do not have a holding area in our PED and 
stays of 16 hours or longer are extremely rare).    
x Sign-over rate: Normally patient visits are attached to one staff emergency physician (the primary physician).  
However, for those patients whose care overlaps two staff physician shifts, a formal sign over process is 
undertaken, and the second physician is attached to the chart as the secondary (or occasionally tertiary) physician.  
The sign-over rate was defined as the percentage of total visits which were not completed by the initiating 
physician, and had a second emergency physician attached to them.   
x 24-hour and 72-hour return rate: was defined as the percentage of total visits (less admissions) which resulted in 
a second visit within 24 (or 72) hours of the initial registration.  We did not have a way of differentiating those 
visits in which patients were instructed to return for re-assessment from those patients that returned unexpectedly.   
 
2.5 Feedback 
 
In the fall of 2013, as part of the annual performance review, each clinician was provided with their own performance 
metrics as well as anonymous data from their practice peer group full vs part-time PED practice.  Data was presented 
in a contextual and anonymous data fashion (see Figure 1), and in a deliberately non-proscriptive fashion.  No specific 
corrective actions were suggested based on the data.  Subsequently, the process was repeated in the fall of 2014 and  
is now an expected standard procedural component of annual performance review.  
 
 
 
     
 
 
 
 
 
 
 
                
 
 
 
Figure 1: Anonymous, contextual feedback to clinicians 
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3. Findings and Clinical Impact 
 
3.1 Wide practice variability was found 
Admission rates for CTAS 2 and 3 patients, for example, varied by more than 4 fold across the entire emergency 
physician group (maximum 23.7%, minimum 5.7%), and by more than double over the full time group (maximum 
20.9%, minimum 10.4%).  Practice variation in dwell time was less striking, but still varied by more than 1.7 fold for 
full-time physicians and more than 2.4 fold across their part-time colleagues.  Sign-over and return rates showed 
similar degrees of variation.  See Table 3. 
3.2 Physician feedback was associated with positive change in physician behaviour 
Analyses from the first two years of this process have shown a link between the feedback delivered to physicians 
and changes in their performance metrics.  For example, for the full-time physicians, dwell time, 24-hour return rate 
and admission rates were well (negatively) correlated with the initial metrics feedback in 2013.  As a group, full-
time physicians whose 2013 feedback values were above the 50th percentile in admission rates, dwell times and 
return rates showed significant reductions in these metrics by 2014, while those full-time physicians with values in 
the lower 50th percentile for these parameters did not show significant changes.  Part-time physicians showed more 
muted correlations with feedback, and did not show significant performance change as a group, possibly because 
they were not as invested in the department as full time staff, and had therefore less cognitive exposure to the data.  
We concluded that provision of feedback was related to changes in physician behaviour11.  See Table 4.  
3.3 We were able to explore and refute the “rational trade-off” hypothesis 
Physician average dwell time in each triage category correlated positively with admission rates for that category 
(r=0.34 - 0.76).  A similar correlation was seen between dwell times and return rates, and between admission rates 
and return rates, though r values were less impressive (see table 8).  Full time physicians with greater than 50th 
percentile dwell times (the “high dwell cohort”) had significantly greater admission rates than their low dwell cohort 
colleagues (CTAS 2: 33.0% vs 29.0%, CTAS 3: 9.8% vs 7.4%, CTAS 4&5: 1.0% vs 0.6%, p<<0.001 for each 
analysis).   Part time physicians showed a similar trend that achieved significance only in the CTAS 3,4 and 5 visits.  
Similarly, for CTAS 3,4 and 5 visits, return rates for the high dwell cohorts  were significantly higher than their low 
dwell colleagues.   Return rates were not significantly different in the low admission rate cohorts compared to the 
high admission rate cohorts. 
Critically, no analyses revealed a relationship between higher dwell times and lower admission or return rates, or 
between higher admission rates and lower return rates.  No evidence of a “rational trade-off” was found. 
 
 Table 3. Practice variation. FT = full time, PT = part time 
Performance Metric FT Physicians 
Max         Min          Max/Min 
PT Physicians 
Max         Min           Max/Min 
Admission rate (CTAS 2,3) 20.9%    10.4%            2.0 23.7%    5.7%               4.2 
24 hour return rate (CTAS 2,3) 9.9%        4.7%            2.1 15.2%    3.3%               4.7 
Dwell times (min; CTAS 2,3) 124          79                1.6 138         69                   2.0 
Sign-over rate (CTAS 2,3) 8.3%        3.6%           2.3  5.8%      2.1%               2.8 
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Table 4. Behavioural change in full-time physicians associated with individual feedback. 
Performance 
metric 
Cohort 2013 2014 Change p value 
Admissions:  High feedback cohort 16.4% 14.1% -14% <0.005 
 Low feedback cohort 11.5% 10.6% -8% ns 
24 hour returns High feedback cohort 8.1% 5.6% -44% <<0.001 
 Low feedback cohort 6.1% 5.8% -5% ns 
Dwell times High feedback cohort 80.7 min/pt 75.2 min/pt -19% =0.08 
(all visits) Low feedback cohort 72.6 min/pt 70.1 min/pt -8% ns 
Dwell times High feedback cohort 58.5 min/pt 49.4 min/pt -16% <0.01 
(CTAS 4,5) Low feedback cohort 50.6 min/pt 45.1 min/pt -11% ns 
 
Table 5. Correlation between performance metrics 
Dwell time and 
Admissions0 
Dwell time and  
72 hr return rates 
Admissions and 72 hr 
return rates 
FT:  0.39 – 0.61 
PT:  0.34 – 0.76 
FT: -0.08 – 0.67 
PT: -0.15 – 0.68 
FT: -0.19 – 0.34 
PT:  0.13 – 0.37 
 
Table 6. Admissions and returns were higher for those physicians with higher dwell times 
Cohort CTAS 2 
Admissions 
CTAS 3 
Admissions 
CTAS 4,5 
Admissions 
CTAS 3  
Returns 
CTAS 4,5 
Returns 
FT Low Dwell 29.0% 7.4% 0.6% 12.9% 5.9% 
FT High Dwell 33.0% 
p<0.001 
9.8% 
p<0.001 
1.0% 
p<0.001 
14.8% 
p<0.001 
6.3% 
P<0.05 
PT Low Dwell 34.6% 7.3% 0.6% 13.3% 5.4% 
PT High Dwell 35.7% 
p=ns 
11.5% 
p<0.001 
1.2% 
p<0.001 
15.0% 
p<0.05 
6.3% 
p<0.001 
3.4 Physician buy-in was excellent 
Early in the planning process, the project was presented for vote at a regular business meeting of the physician 
group, where it received unanimous support.  Subsequent to the initial feedback cycle, the initiative was well 
received, with 18 out of 19 physicians agreeing that the information was useful.   
 
4. Discussion 
 
Audit and feedback (A/F) is one of the most well-known methods of quality assurance, and “there is substantial 
evidence that ...[it] ... can effectively improve quality of care”.  Yet the use of A/F in emergency medicine, more 
particularly in a PED is hard to find in the literature.  Indeed, literature related to the science of A/F in any medical 
domain has reached a plateau, leading to speculation that interest in the field is stagnating 12. Secondary data use 
offers an excellent opportunity for audit and feedback.  Such use of emergency department visit data dates back to at 
least the 1990’s, and has been used to promote illness and injury surveillance in our institution and others 13,14,15,16, 
and has also been used for administrative and economic purposes 17,18,19.   
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This research has demonstrated that secondary data use, even in a relatively unsophisticated data environment, can 
provide clinically valuable information that is useful to both front line workers and administrators.  Feedback of 
metrics directly to individual physicians, in a non-threatening, non-proscriptive fashion, is associated with positive 
change in physician behaviour, possibly because it enhances practice situational awareness, and perhaps physician 
accountability as well.  Analyses of the relationships between dwell time, admission and return rates tests (and 
rejects) the notion of a rational trade-off in which longer dwell times, for example, might result in improvement in 
other outcomes.  We have shown that the opposite is true, that longer dwell times are in fact associated with higher 
resource utilization (return rate, inpatient bed use) further downstream.  Does this finding represent a measure of 
physician uncertainty, rather than physician rationality?  In any case, administrators and clinicians in our hospital 
need not consider the rational tradeoff hypothesis when approaching changes in practice.   
 
Further, this research has demonstrated that excellent physician buy-in is possible.  The relative weight of local 
clinical champions, versus the quality of the data (clinically relevant, locally developed and credible) cannot be 
teased out in our process.  However, informatics interventions may fail when they attempt to answer questions that 
are not of interest to clinicians.  We hypothesize that generating feedback that supports self-evaluation of practice, 
or which offers insights into physician decision-making was a factor in capturing the interest of our clinicians.  Our 
overt interest in maintaining the privacy of our colleagues, and in reducing the perceived threat of practice 
evaluation was also, we feel, an important part of our clinician buy-in.  
 
Our methodology has a number of limitations.  First amongst these is the problem of small sample sizes; the IWK 
Health Centre is a relatively small flow PED by Canadian standards, seeing less than 30,000 patient visits each year.  
There are roughly 20 physicians on the PED roster at any time.  This fundamentally limits the cycle time of our A/F. 
Most IWK emergency physicians see less than 3000 patient visits or less per year, and many well below that.  The 
granularity of our data analysis grows unacceptably large at cycle times of less than one year.  Further, our study 
design does not permit us to test the impact of differing practice environments.  It is possible that the relationships 
we have demonstrated between physician metrics, or the willingness to change in response to feedback, are valid 
only at our site.   
 
Consequently, plans are underway to enhance and expand this methodology into other settings.  Partnerships with 
PEDs in Alberta, Ontario and Newfoundland have been struck.  We are in negotiation with CIHI to ensure 
centralized, expert data management and processing of physician metrics.  As a result, a large multi-centred trial will 
be conducted with the opportunity to repeat the analysis with much greater numbers, and to confirm or refute the 
generalizability of our findings.   
 
In summary, this research has demonstrated that secondary data use is viable and productive in small, single centred 
implementation even in the absence of sophisticated electronic health records management.  We have shown 
excellent physician buy-in by examining topics of interest to clinicians, and by reducing the personal threat of this 
form of surveillance on our members.   Finally, we have shown that feedback of this information is associated with 
measurable change in physician behaviour, and provides administratively useful insight in the assessment of 
physician performance.  Further studies, at a multi-centred scale, are planned. 
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